Muon spin rotation and relaxation experiments in the pyrochlore iridate Eu 2 Ir 2 O 7 yield a welldefined muon spin precession frequency below the metal-insulator/antiferromagnetic transition temperature T M = 120 K, indicative of long-range commensurate magnetic order and thus ruling out quantum spin liquid and spin-glass-like ground states. The dynamic muon spin relaxation rate is temperature-independent between 2 K and ∼T M and yields an anomalously long Ir 4+ spin correlation time, suggesting a singular density of low-lying spin excitations. Similar behavior is found in other pyrochlores and geometrically frustrated systems, but also in the unfrustrated iridate BaIrO 3 . Eu 2 Ir 2 O 7 may be only weakly frustrated; if so, the singularity might be associated with the small-gap insulating state rather than frustration.
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Geometrical frustration of collinear near-neighbor spin interactions is a consequence of the corner-shared tetrahedral structure of pyrochlore transition-metal oxides, and has motivated considerable study of these materials.
1 Compounds in the pyrochlore iridate family R 2 Ir 2 O 7 ,
where R is a trivalent lanthanide, are particularly interesting: Ir 4+ (5d 5 ) is expected to be a low-spin S = 1/2 ion, and the behavior of the Ir-derived conduction band is unusual. 2 For R = Pr, Nd, Sm, and Eu these compounds exhibit metallic behavior at high temperatures, while for R = Gd, Tb, Dy, Ho, Er, Yb, and Y they are semiconducting. This crossover was attributed to reduction of the width of the Ir 4+ -derived band as the R ionic radius decreases across the rare-earth series.
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In early studies 4 spin-glass-like ordering was reported for R = Y, Lu, Sm, and Eu on the basis of bifurcation of field-cooled (FC) and zero-field-cooled (ZFC) magnetizations and little or no specific heat anomaly at a transition temperature T M . 
The late-time asymmetry data (not shown) exhibit exponential relaxation, due solely to dynamic (thermal) fluctuations of B loc . 13 This relaxation is much slower than the oscillation damping rate, indicating that the latter reflects a quasistatic distribution of B loc .
The data were fit using the two-component asymmetry function
The subscripts s and d denote (quasi)static and dynamic components, respectively. The first term models the damped oscillation, with frequency ω µ and spectrometer-dependent initial phase θ. Neither simple exponential damping nor a Bessel function (expected for an incommensurate spin density wave) gave good fits; the phenomenological stretchedexponential damping form of Eq.
(1) was used instead, with relaxation rate Λ s and stretching power K < 1. The second term describes the late-time dynamic relaxation, which was well fit by a single exponential with rate λ d .
The results of these fits are shown in Fig. 1 . The data yield a single well-defined frequency 
The estimate is very crude, however, because neither the Ir 4+ magnetic structure nor the muon stopping site is known.
As shown in the inset to Fig. 2(a) , the late-time fraction
1 as T → T M from below. This is due to the disappearance of B loc , and is consistent with the behavior of ω µ (T ). At 2 K η d = 0.39(1), close to the value 1/3 expected from a randomly-oriented B loc . 13 The increase of η d as T → T M is smooth rather than abrupt, suggesting a distribution of transition temperatures in the sample.
The temperature dependence of Λ s is given in Fig. 2(b) . 15 The cusp at ∼T M is probably an artifact of the distribution of T M noted above rather than a critical divergence, since as discussed below there is no sign of critical slowing down in the dynamic relaxation rate λ d .
The fractional width Λ s /ω µ of the spontaneous field distribution, also plotted in Fig. 2(b) , is small (0.05-0.07) at low temperatures and then increases rapidly as T → T M . Thus the local field is nearly uniform except in the neighborhood of T M ; this, like the behavior of η d noted above, suggests a distribution of T M .
The stretching power K for the quasistatic damping, shown in the inset of Fig. 2(b) , parameterizes the shape of the distribution of B loc : for small K the wings of the distribution become more prominent. 16 The value of K is temperature-independent (∼0.55) at low temperatures and increases as T → T M .
The simple exponential form of the late-time relaxation data indicates that the dynamic muon spin relaxation, like B loc (but unlike T M ), is homogeneous. The temperature dependence of the dynamic relaxation rate λ d is given in Fig. 3 . We note two features: In ordinary antiferromagnets /k B τ c is of the order of the Néel temperature T N for T T N .
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For Eu 2 Ir 2 O 7 , with T N = T M = 120 K, τ c is therefore at least two orders of magnitude longer 6 than expected.
The combination of a well-defined muon spin precession frequency (Fig. 1), i.e., homogeneous magnetic order, and the persistence of λ d to low temperatures (Fig. 3) is unexpected.
In conventional ordered magnets nuclear or muon spin relaxation below the ordering temperature is due to thermal spin-wave excitations, and λ d decreases with decreasing temperature as the thermal population of such excitations decreases. Such a conventional scenario seems to be ruled out in Eu 2 Ir 2 O 7 .
Persistent low-temperature muon spin relaxation is observed in a number of geometrically frustrated systems. 
